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(54) Positioning method using mobile terminal and mobile terminal having positioning function 



(57) A mobile terminal has a neighboring mobile ter- 
minal communication unit for communicating with a 
neighboring mobile terminal existing nearthe mobile ter- 
minal for acquiring position information on the neighbor- 



Fig. 2 



ing mobile terminal, and a position information calcula- 
tion unit for calculating position information of the mobile 
terminal based on the position information acquired 
from the neighboring mobile terminal when such posi- 
tion information is available. 
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Description 

Background of the invention 

1 . Fieid of the invention: 

[0001] The present invention relates to a positioning 
method using a mobile terminal and a mobile terminal 
having a positioning function, and more particularly, to 
a positioning method using a mobile terminal which per- 
forms positioning by communicating information among 
a plurality of mobile terminals, and a mobile terminal 
having a positioning function. 

2. Description of the Related Art: 

[0002] In recent years, mobile terminals such as a 
personal digital assistant (PDA), a portable telephone 
and the like have implemented a function of positioning 
for these mobile terminals. 

[0003] Conventionally, as illustrated in Fig. 1 , when a 
mobile terminal 1 performs positioning, a positioning ap- 
paratus 2 in an existing positioning system typically un- 
dertakes the positioning, and supplies resulting position 
information to the mobile terminal 1 . 
[0004] For example, a typical one of existing position- 
ing systems is a global positioning system (GPS). The 
GPS comprises a plurality of artificial satellites orbiting 
the earth, each of which emits a positioning signal which 
has temporal information multiplexed with satellite po- 
sition information. On the earth, the positioning signals 
from the plurality of GPS satellites are received to cal- 
culate times required for radio waves to reach from the 
respective satellites, and calculate the distances from 
the respective satellites for the positioning. The GPS 
features in its service area globally covering the entire 
earth and extremely high positioning accuracy 
[0005] Another existing positioning system employs a 
method of positioning a mobile terminal, when it is a 
portable telephone, using information such as the posi- 
tion of a base station connected to the portable tele- 
phone, a received field strength, and the like. 
[0006] In addition, a simple positioning method in- 
volves receiving signal from a position information bea- 
con apparatus, which has been previously installed at a 
fixed location, to acquire position information from the 
received signal. 

[0007] The conventional positioning systems and 
methods for mobile terminals as described above, how- 
ever, have problems as follows: 

(1 ) The positioning method which acquires position 
information using the GPS requires sufficiently 
open sky at a site at which the positioning is per- 
formed, due to the nature of the GPS that receives 
signals emitted from satellites to acquire the posi- 
tion information based on received signals. If any 
object exists and blocks signals from the satellites, 
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falling down from the sky, the positioning system is 
prevented from correctly receiving the signals emit- 
ted from a number of satellites required for the po- 
sitioning. A failure in correctly receiving the signals 
5 emitted from the number of satellites required for 

the positioning would result in a deteriorated posi- 
tioning accuracy. Particularly, if the number of sat- 
ellites from which signals are received is three or 
less, the positioning itself becomes difficult to 
10 achieve. 

However, the open sky is not always available 
at a site at which the positioning is required. Spe- 
cifically, the positioning is often required within 
buildings : and in urban areas surrounded by build- 
15 jngs. For the reason set forth above, only a GPS 
positioning apparatus equipped in a mobile terminal 
would encounter difficulties in achieving the posi- 
tioning within a building, and in an urban area sur- 
rounded by buildings. 
20 (2) The positioning method using information such 
as the position of a base station connected to a port- 
able telephone, which serves as a mobile terminal, 
a received field strength, and the like, suffers from 
a low positioning accuracy, and also encounters dif- 
25 ficulties in achieving highly accurate positioning 
within a building or the like, as is the case with the 
positioning method utilizing the GPS. 
(3) The positioning method which acquires position 
information by receiving a signal from a position in- 
30 formation beacon apparatus previously installed at 
a fixed location is incapable of achieving the posi- 
tioning at a site at which no beacon apparatus is 
installed. 

35 Summary of the Invention 

[0008] It is an object of the present invention to pro- 
vide a positioning method using a mobile terminal and 
a mobile terminal having a positioning function which 

40 are capable of realizing highly accurate positioning even 
within a building and in an urban area surrounded by 
buildings, i.e., at a site at which no signal can be re- 
ceived from an existing positioning system. 
[0009] According to the present invention, when 

45 neighboring mobile terminal communicating means 
which included the mobile terminal can acquire position 
information on a neighboring mobile terminal existing 
near the mobile terminal from the neighboring mobile 
terminal, position information calculating means calcu- 

50 lates position information on the mobile terminal based 
on the position information acquired from the neighbor- 
ing mobile terminal. 

[0010] In this way, since the position information on 
the mobile terminal is calculated using the position in- 
55 formation on the neighboring mobile terminal existing 
near the mobile terminal, the position of the mobile ter- 
minal can be calculated to perform the positioning by 
means of the mobile terminal, even when the mobile ter- 
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minal exists at a site at which the mobile terminal, even 
equipped with a positioning apparatus of an existing po- 
sitioning system, suffers from an insufficient positioning 
accuracy or fails to achieve the positioning, or the like, 
or even when the mobile terminal is not equipped with 
a positioning apparatus of an existing positioning sys- 
tem. 

[0011] Also, when neighboring mobile terminal dis- 
tance measuring means calculates the distance be- 
tween the mobile terminal and a neighboring mobile ter- 
minal existing near the mobile terminal, more accurate 
position information can be provided even when neigh- 
boring mobile terminals unevenly distribute. 
[0012] Further, when recursive cooperative position- 
ing means controls the mobile terminal to recursively re- 
peat the acquisition of position information from neigh- 
boring mobile terminals existing near the mobile termi- 
nal, the mobile terminal can acquire position information 
on h larger number of neighboring mobile terminals to 
further improve the positioning accuracy. 
[0013] In addition, when cooperative positioning du- 
plication/divergence preventing means controls the mo- 
bile terminal to limit the number of times recursive posi- 
tion information is acquired and to prevent the mobile 
terminal from acquiring position information repeatedly 
from one mobile terminal, it is possible to prevent the 
divergence of a range in which the cooperative position- 
ing is performed among mobile terminals, and the ac- 
quisition of duplicated position information from a mobile 
terminal from which the position information has already 
been acquired. 

[0014] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description based on the accompa- 
nying drawings which illustrate examples of preferred 
embodiments of the present invention. 

Brief Description of the Drawings 

[0015] 

Fig. 1 is a diagram for explaining a conventional po- 
sitioning method in a mobile terminal; 
Fig. 2 is a block diagram illustrating a first embodi- 
ment of a mobile terminal having a positioning func- 
tion according to the present invention; 
Fig. 3 is a diagram for explaining an exemplary po- 
sitioning method using the mobile terminal illustrat- 
ed in Fig. 2; 

Fig. 4 is a diagram for explaining another exemplary 
positioning method using the mobile terminal illus- 
trated in Fig. 2; 

Fig. 5 is a block diagram illustrating a second em- 
bodiment of the mobile terminal having a position- 
ing function according to the present invention; 
Fig. 6 is a diagram for explaining a positioning meth- 
od using the mobile terminal illustrated in Fig. 5; 
Fig. 7 is a block diagram illustrating a third embod- 
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iment of the mobile terminal having a positioning 
function according to the present invention; 
Fig. 8 is a diagram for explaining a positioning meth- 
od using the mobile terminal illustrated in Fig. 7; and 
5 Fig. 9 is a block diagram illustrating a fourth embod- 

iment of the mobile terminal having a positioning 
function according to the present invention. 

Detailed Description of the Preferred Embodiments 

10 

(First Embodiment) 

[0016] As illustrated in Fig. 2, a mobile terminal ac- 
cording to a first embodiment comprises antenna 11 for 

15 transmitting and receiving a radio signal; neighboring 
mobile terminal communication unit 12 for transmitting 
and receiving information with neighboring mobile ter- 
minals through antenna 1 1 ; and position information cal- 
culation unit 13 for calculating information on the posi- 

20 tion of mobile terminal 10. 

[0017] Antenna 11 is a radio communication element 
for physically emitting a signal generated in neighboring 
mobile terminal communication unit 12 into the space 
and for receiving signals transmitted from neighboring 

25 mobile terminals from the space. 

[0018] Neighboring mobile terminal communication 
unit 12 supplies antenna 11 with a signal to be transmit- 
ted to neighboring mobile terminals existing around mo- 
bile terminal 1 0 and receives signals transmitted from 

30 the neighboring mobile terminals through antenna 1 1 for 
making mutual communications with the neighboring 
mobile terminals. As the signal transmitted to the neigh- 
boring mobile terminals, local terminal position informa- 
tion calculated in position information calculation unit 13 

35 is supplied to antenna 11 . On the other hand, as the sig- 
nals received from the neighboring mobile terminals, in- 
formation on the positions of the neighboring mobile ter- 
minals usable for positioning is received from the neigh- 
boring mobile terminals and supplied to position infor- 

40 mation calculation unit 13. Here, the information usable 
for positioning refers to position information itself com- 
prised of the longitude and latitude of a mobile terminal, 
or numerical information representative of a position in 
an existing positioning system. Alternatively, such infor- 

45 mation usable for positioning may be some GPS signal 
which can only achieve insufficient positioning, or a 
probability density function which represents a position 
including uncertainty. 

[0019] Position information calculation unit 13 uses 
50 position information on a plurality of neighboring mobile 
terminals supplied from neighboring mobile terminal 
communication unit 1 2 to make calculations required for 
the positioning, estimates the position of mobile terminal 
10 and supplies the estimated position to neighboring 
55 mobile terminal communication unit 1 2 as local terminal 
position information. 

[0020] In the following, explanation will be given of a 
positioning method using the mobile terminal configured 
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as described above. 

[0021] As illustrated in Fig. 3, when mobile terminal 
10 exists at a site at which mobile terminal 10, even 
equipped with a positioning apparatus of an existing po- 
sitioning system, suffers from an insufficient positioning 
accuracy or fails to achieve the positioning, or when mo- 
bile terminal 10 is not equipped with such a positioning 
apparatus of the existing positioning system, neighbor- 
ing mobile terminal communication unit 12 communi- 
cates terminal position information usable for the posi- 
tioning between mobile terminal 10 and neighboring mo- 
bile terminals 101 - 103. 

[0022] For example, as illustrated in Fig. 3, assume 
that mobile terminal 10 exists within a building or the like 
so that it can receive no GPS signals or beacon signals, 
whereas three neighboring mobile terminals 101 - 103 
exist out of the building and have already received GPS 
signals or beacon signals and acquired position infor- 
mation. 

[0023] When neighboring mobile terminal communi- 
cation unit 12 in mobile terminal 10 can acquire neigh- 
boring mobile terminal position information on neighbor- 
ing mobile terminals 101 - 1 03 from neighboring mobile 
terminals 101 - 1 03 which have already acquired the po- 
sition information, the neighboring mobile terminal po- 
sition information on neighboring mobile terminals 1 01 
- 103 is supplied to position information calculation unit 
13 which calculates position information on mobile ter- 
minal 10 based on the neighboring mobile terminal po- 
sition information supplied from neighboring mobile ter- 
minal communication unit 12. In calculating the position 
information on mobile terminal 1 0 in position information 
calculation unit 13, since mobile terminal 10 exists near 
three neighboring mobile terminals 101-1 03 with a high 
probability, an average of the neighboring mobile termi- 
nal position information on three neighboring mobile ter- 
minals 1 01 - 1 03 is calculated as the position information 
on mobile terminal 10. This method provides a higher 
accuracy as a larger number of mobile terminals exist 
near mobile terminal 10 and the neighboring mobile ter- 
minals more uniformly distribute. Since mobile terminals 
such as PDA, portable telephone and the like are highly 
likely to densely distribute in an urban area, this method 
can improve the positioning accuracy when neighboring 
mobile terminals have position information. 
[0024] The position information on mobile terminal 1 0 
calculated therein is also supplied to mobile terminals 
existing nearby such that the position information can 
be utilized by other mobile terminals for positioning. 
[0025] In this way, even in a situation where a mobile 
terminal could not otherwise perform the positioning, the 
mobile terminal can achieve the positioning by commu- 
nicating position information with neighboring mobile 
terminals. 

[0026] In the foregoing manner, this embodiment 
does not rely directly on an existing positioning system 
but mutually communicates information usable in the 
positioning with mobile terminals existing nearby to dy- 
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namically form a temporary local positioning system for 
achieving the positioning. It should be particularly point- 
ed out that the information usable for the positioning in 
the mobile terminal is not communicated with conven- 
5 tional beacon apparatuses or repeaters but with neigh- 
boring mobile terminals. 

[0027] As appreciated, neighboring mobile terminal 
communication unit 12 is not limited to a method based 
on direct communications between the terminal in which 
10 neighboring mobile terminal communication unit 12 is 
incorporated and neighboring mobile terminals, as rep- 
resented by BLUETOOTH and PHS hand set commu- 
nications. 

[0028] Also, as illustrated in Fig. 4, it is contemplated 
is to employ a method of acquiring position information on 
neighboring mobile terminals 101 - 103 through base 
station 1 00 of a mobile communication system for port- 
able telephones, PHS or the like. 

20 (Second Embodiment) 

[0029] As illustrated in Fig. 5, mobile terminal 20 ac- 
cording to a second embodiment is additionally provided 
with neighboring mobile terminal distance measuring 
2s unit 1 4 for measuring the distance between mobile ter- 
minal 20 and a neighboring mobile terminal, in addition 
to the components of mobile terminal 10 illustrated in 
Fig. 2. 

[0030] Neighboring mobile terminal distance measur- 

30 ing unit 14, for example, gradually increases the field 
strength of a signal transmitted from mobile terminal 20 
to neighboring mobile terminals to estimate the distance 
between mobile terminal 20 and a neighboring mobile 
terminal based on the field strength at which a response 

35 is returned from the neighboring mobile terminal. 

[0031] In this event, for measuring the distance, 
neighboring mobile terminal distance measuring unit 14 
supplies neighboring mobile terminal communication 
unit 12 with a control signal for controlling the field 

40 strength of a signal transmitted from neighboring mobile 
terminal communication unit 12 through antenna 11 . 
[0032] Neighboring mobile terminal communication 
unit 12 gradually increases the field strength of the sig- 
nal transmitted to neighboring mobile terminals, based 

45 on the control signal supplied from neighboring mobile 
terminal distance measuring unit 14, and transmits the 
signal at the gradually increased field strength. 
[0033] Subsequently, upon receipt of a response sig- 
nal from a neighboring mobile terminal for the signal 

so transmitted from mobile terminal 20, neighboring mobile 
terminal communication unit 12 supplies the response 
signal to neighboring mobile terminal distance measur- 
ing unit 14. 

[0034] As the response signal is supplied from neigh- 
55 boring mobile terminal communication unit 12, neigh- 
boring mobile terminal distance measuring unit 14 esti- 
mates the distance to the neighboring mobile terminal 
based on the field strength of the transmitted signal in 
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neighboring mobile terminal communication unit 12 at 
the time the response signal is supplied thereto, and 
supplies position information calculation unit 13 with the 
result of estimation as inter-terminal distance informa- 
tion. 

[0035] When a neighboring mobile terminal is trans- 
mitting a signal at a previously set constant strength, a 
reception sensitivity is gradually increased in neighbor- 
ing mobile terminal communication unit 12 to estimate 
the distance between mobile terminal 20 and the neigh- 
boring mobileterminal based on the reception sensitivity 
at the time mobile terminal 20 receives the signal trans- 
mitted from the neighboring mobile terminal. 
[0036] In this event, for measuring the distance, 
neighboring mobile terminal distance measuring unit 14 
supplies neighboring mobile terminal communication 
unit 12 with a control signal for control ling the reception 
sensitivity in neighboring mobile terminal communica- 
tion unit 12. 

[0037] Neighboring mobile terminal communication 
unit 12 gradually increases the reception sensitivity 
based on the control signal supplied from neighboring 
mobile terminal distance measuring unit 14, and re- 
ceives respective signals at the gradually increased re- 
ception sensitivity. 

[0038] Subsequently, upon receipt of a response sig- 
nal from a neighboring mobile terminal for the signal 
transmitted from mobileterminal 20, neighboring mobile 
terminal communication unit 12 supplies the response 
signal to neighboring mobile terminal distance measur- 
ing unit 14. 

[0039] As the response signal is supplied from neigh- 
boring mobile terminal communication unit 12, neigh- 
boring mobile terminal distance measuring unit 14 esti- 
mates the distance to the neighboring mobile terminal 
based on the reception sensitivity in neighboring mobile 
terminal communication unit 1 2 at the time the response 
signal is supplied, and supplies position information cal- 
culation unit 13 with the result of estimation, as inter- 
terminal distance information. 

[0040] It is also possible to estimate the distance be- 
tween mobile terminal 20 and a neighborinjg mobile ter- 
minal by measuring a propagation delay between mo- 
bile terminal 20 and the neighboring mobile terminal. 
[0041] In the following, explanation will be given of a 
positioning method using the mobileterminal configured 
as described above with reference to Fig. 6. 
[0042] Based on the position information on neighbor- 
ing mobile terminals 101 - 1 03 supplied from neighbor- 
ing mobile terminal communication unit 12 to position 
information calculation unit 1 3 and the inter-terminal dis- 
tance information supplied from neighboring mobile ter- 
minal distance measuring unit 14 to position information 
calculation unit 13, circles having the radii equal to the 
respective inter-terminal distances can be drawn about 
the positions of neighboring mobile terminals 101-1 03. 
[0043] The existence of mobile terminal 20 can be es- 
timated at a position at which the plurality of circles in- 



tersect, as drawn about the plurality of neighboring mo- 
bile terminals 101 - 103. 

[0044] A larger number of the circles are drawn as 
there are a larger number of neighboring mobile termi- 

5 nals 1 01 - 1 03, so that a certain estimation accuracy can 
be maintained for mobile terminal 20 even if the accu- 
racy of the position information is more or less low in 
neighboring mobile terminals 101 - 103. 
[0045] In this embodiment, the positioning can be 

10 achieved through the position estimation in a higher ac- 
curacy even if neighboring mobile terminals unevenly 
distribute. 

(Third Embodiment) 

15 

[0046] As illustrated in Fig. 7, mobile terminal 30 ac- 
cording to a third embodiment is additionally provided 
with a recursive cooperative positioning unit 15 and co- 
operative positioning duplication/divergence prevention 
20 unit 1 6, in addition to the components of mobile terminal 
10 illustrated in Fig. 2. 

[0047] In mobile terminal 30, when a desired quality 
is not available for position information, position infor- 
mation calculation unit 13 supplies a cooperative range 
25 extension request to recursive cooperative positioning 
unit 15. 

[0048] Upon receipt of the cooperative range exten- 
sion request from position information calculation unit 
1 3, recursive cooperative positioning unit 15 supplies a 

30 recursive communication processing request to neigh- 
boring mobile terminal communication unit 12. 
[0049] Upon receipt of the recursive communication 
processing request supplied from recursive cooperative 
positioning unit 15, neighboring mobileterminal eommu- 

35 nication unit 12 communicates with neighboring mobile 
terminals available for communications with mobile ter- 
minal 30, with an additional request for performing the 
positioning in cooperation with mobile terminals existing 
near neighboring mobile terminals for receiving position 

40 information from neighboring mobile terminals existing 
in a wider range. 

[0050] Further, a neighboring mobile terminal, which 
has received the request, repeats a similar operation. 
[0051] In this way, mobile terminal 30 is more likely to 

45 acquire Information from neighboring mobile terminals 
having positioning information by performing coopera- 
tive positioning among neighboring mobile terminals 
through the recursively repeated procedure. 
[0052] The foregoing positioning method, however, is 

so susceptible to divergence of a range in which the coop- 
erative positioning is performed, or to duplicated coop- 
erative positioning with neighboring mobile terminals 
which have already participated in the cooperative po- 
sitioning. 

55 [0053] To prevent such disadvantages, recursive co- 
operative positioning unit 15 supplies cooperative posi- 
tioning duplication/divergence prevention unit 16 with a 
duplication/divergence prevention request. 
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neighboring mobile terminal communication unit 12 at 
the time the response signal is supplied thereto, and 
supplies position information calculation unit 13 with the 
result of estimation as inter-terminal distance informa- 
tion. 

[0035] When a neighboring mobile terminal is trans- 
mitting a signal at a previously set constant strength, a 
reception sensitivity is gradually increased in neighbor- 
ing mobile terminal communication unit 12 to estimate 
the distance between mobile terminal 20 and the neigh- 
boring mobileterminal based on the reception sensitivity 
at the time mobile terminal 20 receives the signal trans- 
mitted from the neighboring mobile terminal. 
[0036] In this event, for measuring the distance, 
neighboring mobile terminal distance measuring unit 1 4 
supplies neighboring mobile terminal communication 
unit 12 with a control signal for controlling the reception 
sensitivity in neighboring mobile terminal communica- 
tion unit 12. 

[0037] Neighboring mobile terminal communication 
unit 12 gradually increases the reception sensitivity 
based on the control signal supplied from neighboring 
mobile terminal distance measuring unit 14, and re- 
ceives respective signals at the gradually increased re- 
ception sensitivity. 

[0038] Subsequently, upon receipt of a response sig- 
nal from a neighboring mobile terminal for the signal 
transmitted from mobileterminal 20, neighboring mobile 
terminal communication unit 1 2 supplies the response 
signal to neighboring mobile terminal distance measur- 
ing unit 14, 

[0039] As the response signal is supplied from neigh- 
boring mobile terminal communication unit 12, neigh- 
boring mobile terminal distance measuring unit 14 esti- 
mates the distance to the neighboring mobile terminal 
based on the reception sensitivity in neighboring mobile 
terminal communication unit 1 2 at the time the response 
signal is supplied, and supplies position information cal- 
culation unit 13 with the result of estimation, as inter- 
terminal distance information. 

[0040] It is also possible to estimate the distance be- 
tween mobile terminal 20 and a neighborinjg mobile ter- 
minal by measuring a propagation delay between mo- 
bile terminal 20 and the neighboring mobile terminal. 
[0041] In the following, explanation will be given of a 
positioning method using the mobile terminal configured 
as described above with reference to Fig. 6. 
[0042] Based on the position information on neighbor- 
ing mobile terminals 1 01 - 1 03 supplied from neighbor- 
ing mobile terminal communication unit 12 to position 
information calculation unit 13 and the inter-terminal dis- 
tance information supplied from neighboring mobile ter- 
minal distance measuring unit 14 to position information 
calculation unit 13, circles having the radii equal to the 
respective inter-terminal distances can be drawn about 
the positions of neighboring mobile terminals 101-1 03. 
[0043] The existence of mobileterminal 20 can be es- 
timated at a position at which the plurality of circles in- 



tersect, as drawn about the plurality of neighboring mo- 
bile terminals 101 - 103. 

[0044] A larger number of the circles are drawn as 
there are a larger number of neighboring mobile termi- 

5 nals 1 01 - 1 03, so that a certain estimation accuracy can 
be maintained for mobile terminal 20 even if the accu- 
racy of the position information is more or less low in 
neighboring mobile terminals 101 - 103. 
[0045] In this embodiment, the positioning can be 

10 achieved through the position estimation in a higher ac- 
curacy even if neighboring mobile terminals unevenly 
distribute. 

(Third Embodiment) 

15 

[0046] As illustrated in Fig. 7, mobile terminal 30 ac- 
cording to a third embodiment is additionally provided 
with a recursive cooperative positioning unit 15 and co- 
operative positioning duplication/divergence prevention 
20 unit 1 6, in addition to the components of mobile terminal 
10 illustrated in Fig. 2. 

[0047] In mobile terminal 30, when a desired quality 
is not available for position information, position infor- 
mation calculation unit 13 supplies a cooperative range 
25 extension request to recursive cooperative positioning 
unit 15. 

[0048] Upon receipt of the cooperative range exten- 
sion request from position information calculation unit 
13, recursive cooperative positioning unit 1 5 supplies a 

30 recursive communication processing request to neigh- 
boring mobile terminal communication unit 12. 
[0049] Upon receipt of the recursive communication 
processing request supplied from recursive cooperative 
positioning unit 15, neighboring mobile terminal commu- 

35 nication unit 12 communicates with neighboring mobile 
terminals available for communications with mobile ter- 
minal 30, with an additional request for performing the 
positioning in cooperation with mobile terminals existing 
near neighboring mobile terminals for receiving position 
information from neighboring mobile terminals existing 
in a wider range. 

[0050] Further, a neighboring mobile terminal, which 
has received the request, repeats a similar operation. 
[0051 ] In this way, mobile terminal 30 is more likely to 

is acquire information from neighboring mobile terminals 
having positioning information by performing coopera- 
tive positioning among neighboring mobile terminals 
through the recursively repeated procedure. 
[0052] The foregoing positioning method, however, is 

so susceptible to divergence of a range in which the coop- 
erative positioning is performed, or to duplicated coop- 
erative positioning with neighboring mobile terminals 
which have already participated in the cooperative po- 
sitioning. 

55 [0053] To prevent such disadvantages, recursive co- 
operative positioning unit 15 supplies cooperative posi- 
tioning duplication/divergence prevention unit 16 with a 
duplication/divergence prevention request. 
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[0054] Upon receipt of the duplication/divergence 
prevention request supplied from recursive cooperation 
positioning unit 15, cooperative positioning duplication/ 
divergence prevention unit 1 6 supplies neighboring mo- 
bile terminal communication unit 12 with duplication/di- 5 
vergence prevention information for preventing the fore- 
going divergence of a range in which the cooperative 
positioning is performed, and for preventing duplicated 
cooperative positioning. Here, in the duplication/diver- 
gence prevention information, duplication information 10 
may include log information on mobile terminals which 
have participated in the recursive cooperative position- 
ing in the past, while divergence prevention information 
may be a specified upper limit value for the number of 
times of hoppings. 15 
[0055] When neighboring mobile terminal communi- 
cation unit 12 receives the duplication/divergence pre- 
vention information together with position information 
from another mobile terminal, recursive cooperative po- 
sitioning unit 15 stops supplying the recursive commu- 20 
nication processing request to neighboring mobile ter- 
minal communication unit 1 2 even if it has received the 
cooperative range extension request from position in- 
formation calculation unit 13. 

[0056] In the following, explanation will be given of a 25 
positioning method using the mobile terminal configured 
as described above with reference to Fig. 8. 
[0057] Mobile terminal 30 transmits a recursive coop- 
erative positioning request to neighboring mobile termi- 
nals 101 - 103 if mobile terminal 30 has a low accuracy 30 
for the position information on mobile terminal 30 or can- 
not acquire the position information. 
[0058] Neighboring mobile terminal 101, which has 
received the recursive cooperative positioning request 
transmitted from mobile terminal 30, communicates po- 35 
sition information with neighboring mobile terminals 111 
- 113 existing nearby to acquire estimated position A for 
neighboring mobile terminal 101. Neighboring mobile 
terminals 1 02, 1 03 also acquire position information us- 
ing a similar method. 40 
[0059] Next, with a low position information accuracy 
for estimated position A, neighboring mobile unit 101 
further transmits a recursive cooperative positioning re- 
quest to neighboring mobile terminals 111 - 113. 
[0060] Neighboring mobile terminal 1 1 1 , which has re- *s 
ceived the recursive cooperative positioning request 
transmitted from neighboring mobile terminal 1 01 , com- 
municates position information with neighboring mobile 
terminals 121 - 123 to acquire estimated position B for 
neighboring mobile terminal 111. Neighboring mobile so 
terminals 112, 113 also acquire position information us- 
ing a similar method. 

[0061 ] I n the foregoing manner, the recursive cooper- 
ative positioning is repeatedly performed with afirst hop- 
ping cooperative range in which the cooperative posi- 55 
tioning is performed through communications of infor- 
mation with one hopping from mobile terminal 30 posi- 
tioned as the origin, a second hopping cooperative 



range in which the cooperative positioning is performed 
with two hoppings, and a third hopping cooperative 
range in which the cooperative positioning is performed 
with three hoppings, to extend the cooperative range, 
thereby making it possible to improve the positioning ac- 
curacy with the position information acquired from a 
larger number of mobile terminals having positioning in- 
formation. 

[0062] Since the use of the foregoing positioning 
method may cause the cooperative range to diverge, the 
cooperative positioning duplication/divergence preven- 
tion unit 16 sets an upper limit to the number of times of 
hoppings, and the position information is communicated 
among terminals together with the upper limit added 
thereto. In addition, for preventing a duplicated cooper- 
ative positioning range, the position information is com- 
municated between terminals with the additional log in- 
formation on mobile terminals which have already par- 
ticipated in the cooperative positioning. 
[0063] In it way, it is possible to prevent the diver- 
gence of a range in which the cooperative positioning is 
performed, and duplicated cooperative positioning per- 
formed between neighboring mobile terminals which 
have already participated in the cooperative positioning. 

(Fourth Embodiment) 

[0064] As illustrated in Fig. 9, mobile terminal 40 ac- 
cording to a fourth embodiment is additionally provided 
with a recursive cooperative positioning unit 15 and a 
cooperative positioning duplication/divergence preven- 
tion unit 1 6 in addition to the components of mobile ter- 
minal 20 illustrated in Fig. 5. 

[0065] The mobile terminal having the positioning 
function configured as described above can provide ad- 
vantages of improving both the estimation accuracy for 
position information resulting from the measurement of 
the distance between mobile terminals as explained in 
the second embodiment and the estimation accuracy for 
position information resulting from the extension of the 
cooperative range between terminals as explained in 
the third embodiment. It is therefore possible to realize 
more accurate positioning. 

[0066] As described above, since the mobile terminal 
according to the present invention is configured to cal- 
culate position information on the mobile terminal using 
position information on neighboring mobile terminals ex- 
isting near the mobile terminal, the position of the mobile 
terminal can be calculated to perform the positioning us- 
ing the mobile terminal even when the mobile terminal 
exists at a site at which the mobile terminal, even 
equipped with a positioning apparatus of an existing po- 
sitioning system, suffers from an insufficient positioning 
accuracy or fails to achieve the positioning, such as 
within a building, on a road in an urban area surrounded 
by buildings, or the like, or even when the mobile termi- 
nal is not equipped with a positioning apparatus of an 
existing positioning system. 
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[0067] Also, with the neighboring mobile terminal dis- 
tance measuring unit for calculating the distance be- 
tween the mobile terminal and a neighboring mobile ter- 
minal existing near the mobile terminal, the mobile ter- 
minal can acquire more accurate positioning information 5 
even when neighboring mobile terminals unevenly dis- 
tribute. 

[0068] Further, with the recursive cooperative posi- 
tioning unit for controlling the mobile terminal to recur- 
sively repeat the acquisition of position information from 10 
mobile terminals existing near the mobile terminal, the 
mobile terminal can acquire position information on a 
larger number of mobile terminals to further improve the 
positioning accuracy. 

[0069] Moreover, in this event, with the cooperative *5 
positioning duplication/divergence prevention unit for 
controlling the mobile terminal to limit the number of 
times recursive position information is acquired and to 
prevent the mobile terminal from acquiring position in- ■. 
formation repeatedly from one mobile terminal , it is pos- 20 
sible to prevent the divergence of a range in which the 
cooperative positioning is performed among mobile ter- 
minals, and to prevent the acquisition of duplicated po- 
sition information from a mobile terminal from which the 
position information has already been acquired. 2s 
[0070] While preferred embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes only, and it 
is to be understood that changes and variations may be 
made without departing from the sprit or scope of the 30 
following claims. 

Claims 

35 

1 . A positioning method using a mobile terminal com- 
prising the steps of: 

acquiring position information on a neighboring 
mobile terminal existing near said mobile termi- 40 
nal from said neighboring mobile terminal ex- 
isting nearby; and 

calculating the position of said mobile terminal 
based on said position information to perform 
positioning. 45 

2. The positioning method using a mobile terminal ac- 
cording to claim 1 , further comprising the steps of: 

measuring the distance between said mobile so 
terminal and said neighboring mobile terminal; 
and 

calculating the position of said mobile terminal 
based on the result of measurement and said 
position information acquired from said neigh- 55 
boring mobile terminal. 

3. The positioning method using a mobile terminal ac- 
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cording to claim 2, wherein said step of measuring 
the distance between said mobile terminal and said 
neighboring mobile terminal includes: 

changing a field strength of a transmitted signal 
in said mobile terminal gradually; and 
upon receipt of a response signal from said 
neighboring mobile terminal for said transmit- 
ted signal, measuring the distance between 
said mobile terminal and said neighboring mo- 
bile terminal based on the field strength at the 
time said response signal is received. 

4. The positioning method using a mobile terminal ac- 
cording to claim 2, wherein said step of measuring 
the distance between said mobile terminal and said 
neighboring mobile terminal includes: 

. changing a reception sensitivity in said mobile 
terminal gradually; and 

upon receipt of a signal transmitted from said 
neighboring mobile terminal, measuring the 
distance between said mobile terminal and said 
neighboring mobile terminal based on the re- 
ception sensitivity at the time said mobile ter- 
minal receives the signal transmitted from said 
neighboring mobile terminal. 

5. The positioning method using a mobile terminal ac- 
cording to claim 1 , further comprising the steps of: 

calculating the position of said neighboring mo- 
bile terminal based on position information on 
a mobile terminal existing near said neighbor- 
ing mobile terminal; and 
calculating the position of said mobile terminal 
based on the result of calculation. 

6. The positioning method using a mobile terminal ac- 
cording to claim 2, further comprising the steps of: 

calculating the position of said neighboring mo- 
bile terminal based on position information on 
a mobile terminal existing near said neighbor- 
ing mobile terminal; and 
calculating the position of said mobile terminal 
based on the result of calculation. 

7. The positioning method using a mobile terminal ac- 
cording to claim 3, further comprising the steps of: 

calculating the position of said neighboring mo- 
bile terminal based on position information on 
a mobile terminal existing near said neighbor- 
ing mobile terminal; and 

calculating the position of said mobile terminal 
based on the result of calculation. 
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8. The positioning method using a mobile terminal ac- 
cording to claim 4, further comprising the steps of: 

calculating the position of said neighboring mo- 
bile terminal based on position information on 
a mobile terminal existing near said neighbor- 
ing mobile terminal; and 
calculating the position of said mobile terminal 
based on the result of calculation. , 

9. The positioning method using a mobile terminal ac- 
cording to claim 5, further comprising the steps of: 



10. The positioning method using a mobile terminal ac- 
cording to claim 6, further comprising the steps of: 

recursively repeating the acquisition of the po- 
sition information in state of setting a limit to the 
number of times said neighboring mobile termi- 
nal acquires the position information from a mo- 
bile terminal existing near said neighboring mo- 
bile terminal so as not to acquire the position 
information repeatedly from one mobile termi- 
nal. 

11. The positioning method using a mobile terminal ac- 
cording to claim 7, further comprising the steps of: 

recursively repeating the acquisition of the po- 
sition information in state of setting a limit to the 
number of times said neighboring mobile termi- 
nal acquires the position information from a mo- 
bile terminal existing near said neighboring mo- 
bile terminal so as not to acquire the position 
information repeatedly from one mobile termi- 
nal. 

12. The positioning method using a mobile terminal ac- 
cording to claim 8, further comprising the steps of: 

recursively repeating the acquisition of the po- 
sition information in state of setting a limit to the 
number of times said neighboring mobile termi- 
nal acquires the position information from a mo- 
bile terminal existing near said neighboring mo- 
bile terminal so as not to acquire the position 
information repeatedly from one mobile termi- 
nal. 



13. A mobile terminal having a positioning function, 
comprising: 

an antenna for transmitting and receiving a ra- 
5 dio signal; 

neighboring mobile terminal communicating 
means for transmitting position information on 
said mobile terminal through said antenna, and 
for receiving position information on a neigh - 
to boring mobile terminal existing near said mo- 

bile terminal, transmitted from said neighboring 
mobile terminal, through said antenna; and 
position information calculating means for cal- 
culating the position of said mobile terminal 
based on the position information received by 
said neighboring mobile terminal communica- 
tion means. 

14. The mobile terminal having a positioning function 
according to claim 13, further comprising: 

neighboring mobile terminal distance measur- 
ing means for measuring the distance between 
said mobile terminal and said neighboring mo- 
bile terminal, 

wherein said position information calculating 
means calculates the position of said mobile termi- 
nal based on the result of measurement in said 
neighboring mobile terminal distance measuring 
means, and the position information received by 
said neighboring terminal communication means. 

15. The mobile terminal having a positioning function 
according to claim 14, wherein: 

said neighboring mobile terminal distance 
measuring means gradually changes a field 
strength of a transmitted signal in said neigh- 
boring mobile terminal communicating means, 
and upon receipt of a response signal from said 
neighboring mobile terminal for said transmit- 
ted signal, measures the distance between said 
mobile terminal and said neighboring mobile 
terminal based on the field strength at the time 
said response signal is received. 

16. The mobile terminal having a positioning function 
according to claim 14, wherein: 

said neighboring mobile terminal distance 
measuring means gradually changes a recep- 
tion sensitivity in said neighboring mobile ter- 
minal communicating means, and, upon receipt 
of a signal transmitted from said neighboring 
mobile terminal, measuring the distance be- 
tween said mobile terminal and said neighbor- 
ing mobile terminal based on the reception sen- 



recursively repeating the acquisition of the. po- 
sition information in state of setting a limit to the is 
number of times said neighboring mobile termi- 
nal acquires the position information from a mo- 
bile terminal existing near said neighboring mo- 
bile terminal so as not to acquire the position ' 
information repeatedly from one mobile termi- 20 
nal. 
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sitivity at the time said mobile terminal receives 
the signal transmitted from said neighboring 
mobile terminal. 

17. The mobile terminal having a positioning function 
according to claim 13, further comprising: 

recursive cooperative positioning means for 
adding a request for recursively repeating ac- 
quisition of position information on a mobile ter- 
minal existing near a neighboring mobile termi- 
nal existing near said mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to said mobile termi- 
nal existing near said mobile terminal. 

18. The mobile terminal having a positioning function 
according to claim 14, further comprising: 

recursive cooperative positioning means for 
adding a request for recursively repeating ac- 
quisition of position information on a mobile ter- 
minal existing near a neighboring mobile termi- 
nal existing near said mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to said mobile termi- 
nal existing near said mobile terminal. 

19. The mobile terminal having a positioning function 
according to claim 15, further comprising: 

recursive cooperative positioning means for 
adding a request for recursively repeating ac- 
quisition of position information on a mobile ter- 
minal existing near a neighboring mobile termi- 
nal existing near said mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to said mobile termi- 
nal existing near said mobile terminal. 

20. The mobile terminal having a positioning function 
according to claim 16, further comprising: 

recursive cooperative positioning means for 
adding a request for recursively repeating ac- 
quisition of position information on a mobile ter- 
minal existing near a neighboring mobile termi- 
nal existing near said mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to said mobile termi- 
nal existing near said mobile terminal. 

21. The mobile terminal having a positioning function 
according to claim 17, further comprising: 

cooperative positioning duplication/divergence 
preventing means for adding a request for lim- 
iting the number of times the position informa- 
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tion is recursively acquired, and for preventing 
the acquisition of the position information re- 
peatedly from one mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to a neighboring mo- 
bile terminal existing near said mobile terminal . 

22. The mobile terminal having a positioning function 
according to claim 18, further comprising: 

cooperative positioning duplication/divergence 
preventing means for adding a request for lim- 
iting the number of times the position informa- 
tion is recursively acquired, and for preventing 
the acquisition of the position information re- 
peatedly from one mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to a neighboring mo- 
bile terminal existing near said mobile terminal. 

23. The mobile terminal having a positioning function 
according to claim 19, further comprising: 

cooperative positioning duplication/divergence 
preventing means for adding a request for lim- 
iting the number of times the position informa- 
tion is recursively acquired, and for preventing 
the acquisition of the position information re- 
peatedly from one mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to a neighboring mo- 
bile terminal existing near said mobile terminal . 

I 

24. The mobile terminal having a positioning function 
according to claim 20, further comprising: 

cooperative positioning duplication/divergence 
preventing means for adding a request for lim- 
iting the number of times the position informa- 
tion is recursively acquired, and for preventing 
the acquisition of the position information re- 
peatedly from one mobile terminal to a signal 
transmitted from said neighboring mobile termi- 
nal communicating means to a neighboring mo- 
bile terminal existing near said mobile terminal. 
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